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(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate members. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be serf-expanding, or it may be expanded 
by engaging it with one of the elongate memoers. Alternatively, the expansion member may be expanded by heating lL 
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OCCIUSIOII OF A VESSEL 

FwM cf thti Invwttian 

Tin present invention relates geiteraBy to the ocduiion of e vessel whhh e patient, and mora specifically, 
to an apparatus and method of pertioBy or compbtaly occluding e vessel 
Doseriotion of the Hebttd Art 

Attempts heretofore have been mode to treat oeckisions in the carotid arteries leading to the brsru 
However, each arteries have been very difficult to treat because of the possUrty of dislodging plaque which can 
enter various arteriei vessels of the brain and cause permanent brain damage. Attempts to treat such occasions 
with balloon angioplasty have been very limited because of such dangers. In surges! treatments, such as 
endartereetomy. the carotid artery it slit and plaque b removed from the vessel ei the slit area. Such surgical 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedures, such ss in angioplasty and in the treatment of peripheral arteries and veins, there is 
the possibility that the guide wires end catheters used in such procedure* during deployment of the seme may cause 
dbtodgament of debris or emboli which can flow downstream and cause serious damage; such as stroke, if they 
occkjde Mood flow in smafer vessels. Thus, in summary, embolization and migration of miero-emboi downstream 
to an end oigon is a major concern of cardiologists during catheterizations. 

Thnre is therefore need for new end improved apparatus and methods which make it possible to treat 
ocdudsd vessels without endangering the patient. 

Sanaa of the Invention 

The present invention satisfies the need for a device that occludes a vessel, m particular, a vessel ei e 
patient unde.-gerig therapeutic or other medical treatment. Any one of a number of different eapension members 
ere joined to one or more elongate members such os hypotubes to form e device that completely or partially ocdudes 
o vessel within a patient. The ezpension member may be self-expending, h may be expended by engaging h with 
one of the elongate members, or it may bt heated to eeuse h to espand. A membrane preferably surrounds the 
expansion rmtiter so that e seal is made between the membrane end the vessel The perfusion of blood is allowed 
if the membrane b perforated. Partial occkision may be obtained without e membrane H a suitsbb expansion 
member b chosen. In general, in one aspect of the present invention, there b provided en apparatus and method 
tot con be used with approved diagnostic end tberepeutc devices to reduce the chance of emboli migrating 
downstream. Alternatively, the expansion member may anchor an mtravascular device within a vestal 

One embodiment of the present invention b e device for occaidbig a vascular segment, in which the device 
mckidas an expansion member end first and second elongate members. The fast ebngete member engeges the 
espansbn member, and the second elongate member surrounds the lot elongate member, with the expensbn member 
expending to occhide the vescular segment when one of the elongate members b moved longitudinally. The 
expensbn member preferably incajdes e braid, a col. a ribbon-ike structure, e stoned tube, a plurality of ribs or a 
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mm** mesh. The dnice mey .bo irdud. m,,^,, th8 , , djojM we MpiIuien „ mttr for er8 , Ing , ^ „ 
total Mil with the vascular segment. 

In one particular embedment the expansion member » in en unamended stete when it h surrounded by 
the second .longat. member, but expands when the first elongate muter is pushed through the second elongate 
member. In another embodiment both the first and second efang«. member, ere secured to the expansion merger, 
end the expansion member expands as the first elongate member is retracted. 

Another errtodonent of the invention is e method of occluding a segment within e vessel which includes 
the step of inserting first end saeond elongate member, int. the vessel t. be occluded (in which the first el.ng.te 
member adjoins an expense member), folowed by the step of varying the position of at taut one of the elongate 
members so that the expansion member expands until the vessel is completely or partially occluded, m one 
embodiment, the varying step includes retracing on. of the akmpete marten, end in another embodiment the 
varying step comprises pushing one of the elongate members through the other elongate member. Inyet another 
method of occluding a segment within a vessel en expansion member is inserted within the vessel and the expansion 
member is heated to cause it to expand until the vessel is at toast partially occluded. Heating the expansion member 
may involve, for example, pessing electrieel current through ft or passing warm solution over or neer it. 

Brief Description of the Drawinm 
FIG. 1 is e side-alevational view m section of one embodiment of e catheter epparatus incorporating the 
present invention for treatng ocdxted vessels. 

FIG. 2 is a side-elevational view in section similar to FIG. 1 but showeig the epparatus in FIG. 1 with the 
expansion member fin this case, e salt-expandable seal) deployed. 

FIG. 3 is a sid^eievetional view in section of another embodenant of a catheter epparatus incorporate? 
the present invention for treating occluded vessels. 

FIG. 4 is a ve>w similar to FIG. 3 but showing the expansion member (in this case, a soft-expandable seal) 

deployed. 

FIG. 5 is a schematic, longhudral cross sectional view of en embodiment in which a membrane only 
partially surrounds a braid used as the expansion member. 

FIGS. 6A end 6B show end views of imperforated end perforated membranes, respectively. 

FIG. 7 is e schematic, longitudinal cross sectional view of en embodiment in which a braid without a 
membrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of en embodiment in which a filter-like mesh is used 
es the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment n which e slotted tube a used 
es the expansion member. 

FIG. 10 is a perspective view of the slotted tube used in the ombodsnent of FIG. 9. 
FIG. 1 1 is a schematic, longitudinal cross sectional view of en errtodonent in which e coil is used es the 
expansion member, and the proximal and of a memarane surrounding the eoi adjoins the coil 
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FIB. 12 is a schematic, longitudinal cross actional view of an embodonent n which a coS is wad as the 
expensian mambar. and the proienal and .1 a membrane surrounding tha coi adjoins a shoath that surrounds both 
first and sacond along ail mambars. 

FIG. 12A is an ambodimant similar to that shown in FIG. 12. m which rasistiva haatro is used to espand 
tha aipansion mambar. with current bang conducted through wtes being anachad to either side of the expansion 
mambar The expansion member as shown is partialy deployed. 

FIG. 128 is an embodiment senior to that shown in FIG. 12A. in which resistive heating is used to expend 
tha expansion member, with current being conducted through a wre being attached to the distal end of the expansion 
member and through e coating on the first elongete member. The expansion member es shewn is partialy deployed. 

FIG. 13 is a schematic, side cross sectional view of an embodiment in which a pluraity of ribbons are used 
as the aipansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13. n which a warm sokrtion passes between 
the first end second elongete members to transfer heet to the expension member, causing it to expand. The 
expansion member as shown is penalty deployed. 

FIG. 13B is an embedment similar to that shown ei FIG. 13A. in which a warm solution passes through 
the first elongate member to transfer heet to the expansion member, causing it to expand. The expansion member 
as shown is partially deployed. 

FIG. 13C is en embodiment similar to that shown in FIGS. 13A and 13B, in which a warm solution passes 
through one or more lumens in the first elongate member to transfer heat to the expansion member, causing it to 
expand. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment in which a plurality of ribs are used 
as the expansion member. 

FIG. 15 is an isometric view of an embodiment of the invention in which a pull wre is used to deploy a 
pturelity of non-setf-eipandinp ribbons surrounded by a membrene. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
relaied, vndeployed position. 

FIG. 17 is e side eievarional view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membremi makes a seal with the vessel. 

FIGS. ISA and 18B show longitudinal and end perspective views, respectively, of e locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of en alternative locking mechanism used with a wire that deploys an 
expansion member. 

FIGS. 20A. 20B. 20C. and 200 show, respectively, a braid, a fner ake mesh, o slotted tube, end e plurality 
of coil*, which can be used as alternative expansion members in place of the ribbons in the embodiment of FIG. 15. 



WOW'42059 + PCT/US99/03544 

Detailed Dimripnon gf the PrtfgTgd Embodiments 
The expansion mentors discussed herein include braids, calls, rta. ribbon-tts structures, siottid tubes, and 
riteMike meshes. These expansion members may be partialy covered er completely surrounded by a membrane or 
other covering to provide oechnon or seating of the vesseL As used heroin, •eceknion" or "saaling". and the ike. 
mean partial or complete blockage of fluid flow in a vascular segment, as it is sometimes preferable to allow 
perfusion. Moreover, such expansion mambars may be deployed by various mechanical means, electrical meens or 
thermomechanical means, ate, as described herein. Expansion members that are deployed machanrcaay are preferably 
*sprinp-lke- at nature. La. they are preferably resilient to facitate thee deployment or retraction. 
Catheter Apparatuses and SiH-EiMnding Bjajdj 

One embodiment of a catheter apparatus incorporating the present invention for treating occluded vessels 
is shown in Figures 1 and 2. As shown therein, the catheter opporatus 6S1 consists of a flexible elongate member 
652 whsh is provided with proximal and distal extremities 653 and 654. A conventional adapter 656 is mounted 
on the proxonal extremity and is provided with a Touhy-Borst fitting 657 which is ei communication with a large 
central kimen 656 extending from the proximal extremity 653 to the distal extremity 654. An aspiration fitting 661 
is provided on the adapter 656 as well as an irrigation fitting 662. both of which are in communication with the 
central lumen 658. However, it should be eppreciated that if desired, separate brans can be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding sealrg mechanism 666 is mounted on the distal extremity 654. ThiTseH-expandmg seaing 
mechanism 666 can take any suitable form. For exempts, as shown it can consist ef a braided structure 667 formed 
of a suitable shape memory material such as a nickel titenun alloy that wB attempt to expand to a predetermined 
shape mumory. Other than shape memory materials, other materials such as stainless steal. Elgitoy™ titanium or 
other materials can be utilized si the braid 667 as long as they have the capability of expendhg when the self- 
expending seal mechanism a released. Also it should bs appreciated that the serf-expanding seal mechanism 666 
can be comprised oi an absorbent material which when it absorbs nine or Mood expands to form a seal Such 
seals can be readily accomplished beceusa rt is only necessary to form a seal of approienatety 1.5 psi to prevent 
small particles from moving downstream. 

In order to prevent ebresion of a vessel, it is desirable to caver the braided structure 667 with e covaratg 
668 of e suitable materiel such as a polymer or a biocompatUa coating which extends over the braided structure 
867 and which moves with the braided structure 667 as it expends and contract*. The polymer can be of a suitable 
material such as sieone. C flex. polyethylene or PET which would form e good sealing engagement with the wall 
of the anery. The covering 668 may be perforated to allow perfusion. 

A mechanism is provided for compressing the self-expanding seaing mechanism 666 so that the apparatus 
can be inserted into the vessel 481 and consists ol an elongate sleeve 771 having proximal and distal extremhies 
772 and 773 end a bore 774 extending from the proximal extremity 772 to the distal extremity 773. A collar 778 
is mounted on the proximal extremity 772 of the sleeve 771 and is positioned near the adapter 656. The collar 776 
serves as a mechanism for retracting the sleeve as shown in Figure 2 to uncover the self-expanding sealing 
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mechanism 666 after the catheter has been deployed to pemit the self-expanding sealing mechanism 666 to expand 
end form e seat with the erteriai vessel adjacent the stenosis to be treated. 

Another embodiment of a catheter apparatus for treating oecluded vessels incorporate* the present 
invention is shown in Figures 3 and 4. As shown therein, the apparatus 781 consists of a guidsig catheter 782 
havsig proxral and distal extremmes 783 and 784. As shown, the distal extremity 784 is provided with a pre- 
formed bend of e conventional type. A conventional attachment 786 is mounted on the proxkml enmity 783. 
Self-expanding seei mechanism 791 is mounted on the distal extremity 784 end is of the type hereinbefore deserted 
m connection with the embodiments shown h Figures 1 and 2. A sleeve 796 sratar to the sleeve 771 of the 
previous embodiment is provided h the prosant embodiment for encasing the self-expanding soal mechanism 791 and 
for releasing the same after it hes been disposed in en appropriate position within a vessel adjecent the occlusion 
to be treated. Thus, a sleeve 796 is provided having proximal and distal extremities 797 end 798 end having a bore 
799 extonding from the proximal extremity to the distal extremity which is sited so that it can receive the guide 
catheter 782. It is provided with a cotter 801 on its proxvnal extremhy which is adopted to be disposed outside 
the patient and which is adapted to be grasped by the physician for putting the sleeve 796 ptoximatty to uncover 
the self-expanding seal 791 after the apparatus has been deployed to permit the self-expansion of the sealing 
mechanism 791 to form a seal with the vessel wall es shown h Figure 4. 

In accordance with the hereinbefore described descriptions, it is opparent that the apparatus can be readily 
deployed and serve the same function as the main catheter. To accomplish this, the essembiy 781 can be introduced 
into the femoral ertery end the distal extremhy edvanced into the deseed location h the erteriel vessel After it 
has been properly positioned, the physician can retract the sleeve 796 to permit the self-expanding seal mechanism 
781 to expand and to form e seal with the wall of the arterial vessel to oc'ekjde the erteriai vessel and interrupt 
the flow of blood in the vessel to provide e working space distal of the occlusion formed. This prevents smel 
pertieles which may thereofter be dislodged from moving downstream. Since e central lumen is evaoabte. the 
therapeutic procedures hereinbefore described can be employed with the catheter apparatus shown in Figures 1. 2. 
25 3 end 4. 

Although the self-expanding seeling mechanism 666 (791 1 can be deployed by retracting the sleeve 771 
(796) as previously described, the sealing mechanism can also be deployed by pushing the flexile elongate member 
652 (guiding catheter 782I through the sleeve so that the seeling mechanism can expand. This may be the preferred 
wey of deploying the sealing mechanism 666 (7911. if there is ttttle clearance between the apparatus 6S1 (781) and 
the vessel within which the apparatus resides, to reduce the risk of damaging the patient's vessel. As discussed 
below in connection with subsequent figures, the seeing mechanism 666 (7911 may alternatively comprise members 
such es e col a ribbon-ike structure, a slotted tube, or e filtei-Eke mesh. In eaeh case, the seeing mechanism 
expands to partially or completely occlude the vessel in question, or alternatively, to anchor an eitravascular device 
to the vessel. 
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Mamtia sen-E»nandrna fento 

Another embedment using ■ braided structure is shawm schematcaoy in FIB. 5. in which a flaiibla elongate 
mambar 20 is disposed ~*thm a aacand atongata member 24 such as a hypotube. A saM expending mechanism 28 
such as a braided structure is secured to the distal and ef the atongata member 20. preferably within an indentation 
32 of mambar 20. The braided structure 28 is omy partially encapsulated by a preferebty elastomer* membrane 
36 that mate a aaal with the patient's vest* 40. (Alternatively, a coating such as a polymeric coating may be 
usad in placa of the membranes discloud heram.) m this and the other ambodmnu. adhesive may be used to 
secure the sslf-eipanding mechanism 28 and the membrane 36 to the elongate member 20. In the embodiment of 
FIG. 5. the braided stmcture 28 and membrane 36 are designed to be asymmetrical, with more material being 
concantroted et the proximal side of the structure 28. The braids of the embodiments disclosed herein may be 
stainless steel 304 or 400. superelestie or hoot activated Nitinol. en iron base shape memory .Hoy. or e polymer 
base, such as pofyethytone or polypropylene. They may be constructed, for eiemple. by using standard equipment 
such as a braider. 

Although the embodiment of FIG. 5 shows the fleslila elongate member 20 connected to a gudewire to 
44. other technologies for guiding the device through the patient's vessel 40 may be usad in this and the other 
embodiments, such as e guidewire (either over the wee or single operator) or the eichange catheter method, es is 
wel known in the ert. Abo. although not explicitly shown in the embodiment of FIG. 5 and the other embedments 
herein, these embodiments may incsjde lumens, aspiration and rrigation fittings, and collars ike those Ikistrated n 
FIGS. U. 

The membrane 36 is preferably impervious to the How of blood (FIG. 6a) far those applications not requiring 
perfusion, although a perforated membrane 36* (FIG. 6b) having numerous boles 37 therein may be used in other 
applications to allow the passage of Wood. The holes 37 are preferably greater than 10 mierons in diameter end 
may be up to 80 microns or more in diameter to permit the passage of blood ceils (nominally 6-10 microns in 
dtameterl through the membrane 36' while blocking larger pertculatas such as emboli likewise, e perforated 
membrane 36' may be used in the other embodoncnts disclosed herein. Antithrombogentc coatings can be used (tg.. 
heparin) to prevent thrombosis formation. 

FIG. 7 shows an embodiment ei which a braided structure 50 is not enclosed by a membrane. When the 
braided structure 50 comprises, for exempta. e diamond mesh pattern in which adjacent wires ere separated by about 
10-80 microns, the braided structure permrts the passage of red blood eels, while blocking the flew of matter that 
may be undesirable. e.g. emboS or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is wed suited for appkeations for which perfusion is required. 

Alternative seH-eipandrng media arc shown in FIGS. 8 and 9. In FIGS. 8 and 9. a sslf-eipandng fitter-eke 
mesh 60 and a self-expanding slotted tube 7Z respectively, ere surrounded by a membrane 62 that is preferably 
elastomer*. The liter-like mesh 60 lor slotted tube 72) and membrane 62 are bonded or otherwise secured to e 
flexile ekmgete member 64. e.g_ to an indentation therein. As with the other self-expanding media disclosed herein, 
the filter-Ike mesh 60 (or slotted tube 72) expands from hs unexpended state when the flexible elongate member 
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64 b pushed through 3 second dong.t. number 66. or atawnatddy, when tn8 ..eond don,,,, nwmber 66 is 
wooed over the f«t elongete member 64. The f.ter-kke mesh 60 (er slotted tube 72) ttan .spends so thet the 
nwdoan. 62 forms , seal with the aurrmmddg vexed 68. A guidewire * 70 .ids in guiding the device through 
the msd 68. The feterGk. mesh 60 end dotted tub. 72 ere of a sbap. mm.,, „«„ „ Nitinol 
or (304 or 400) stain.*, ,u.L The fiher-Bce mosh 60 a fibrous k, mun. being s^h., e*leg 0ul to neel wool 
The slotted tub. 72 he, . bdnfk. eppurwce. The slotted tub. 72 mev be con«n«ted. .or example, by 
erediming , thm-walad tub. with a User beam to form hobs in the tub. in the shepe of polygons such „ oblong 
guadrfrterab. An unexpended, slotted tube 74 is shown in FIG. 10. 

FIG. 1 1 iiustratss another embodiment, in which a coil 80 serres as the self-expending mechanism. The 
coil 80 may be integrelly formed with a fe« dongate member 82 or be otherwise specially joined to it. e.g. by 
wdding or br«m B the cod to the donga,. m«rt, W 82. The cofl 80 ia surrounded by . membr.ne 84 that expends 
with the eoil when ft b pushed out of a sacond donpate member 86. or ehematively. when the second elongate 
membar 86 is retracted from the coil 80. Thus, the m,mbran. forms a seal with the surrounding eased 90. The 
membrane 84 may be attached directly to the first elongete member 82. or to a member 88 such as a dbk that is 
in turn seared to me col 80 or th. fast etong.t. member 82. A gudewx. tip 92 for guiding the device through 
the vessel 90 may be attached to the first elongate member 82 or to the member 88. H one is used. 

An embedment similar to that shown in FIG. 11 is ikistrated ei FIG. 1Z ei when the membrane 84 is 
tteured et the proximal end to a separate sheath 94. In thb ease, th. .berth 94 and the first elongate member 
82 sr. extended together over and through. r«p.ctively, th. second elongete member 86. Assembly may require 
preceding the coil 80 through the distal end of the second elongete member 86. 

Another embodsnent thet employs e self-eipanding medium b shown in FIG. 13, in which a plurality of 
ribbon, 100 make contact with . ™mb,.n. | 02 while they expand to urg. the membrane towards th. wall of the 
vessel 104 where n makes a seal. Th. ribbons 100 of this .mbodimem are preferably secured to a first elongate 
member 106 at both ends of the ribbons, by. for example, gluing them in place. Th. ribbons may be 0.001-0.004" 
x 0.005-0.020- x 0 .25-1.0' strips of Mind, stainless sted. or E^oy™ which expand whan urged out of the second 
elongate member 108. A guidewee tip 1 10 may be used for gudtng the device through the vessel and is preferably 
secured to the distal end of the fire, elongate member 106. 

FIG. 14 Ouxtrates en embodiment similar to the one in FIG. 13, in when ribs 120 such as wee, form a 
sr., of senudrcuUr arcs when they expand. Th. ribs 120 are surround* by . membrane 122 that expands with 
the ribs to form , seal with the vessel 124. The number of rte 120 b pr.te.bly at least three. Th. ribs 120 are 
prderaily attached directly to a Ik,, along.t. member 124 that b surrounded by . second dong.t. member 126. 
The rib, 120 themselves are preferably made of a shape memory material ,uch a, Nitinol or stainless steel. A 
guidewire tip 128 ddt in guiding the device through the vessel 130. 

As in the other seH-exp.ndmg embodiments, the self-expanding mechamsm 100 (120) is in an unexpended 
xta,e when enclosed by the second elongate member 108 (126). and expands when pushed or pulled beyond the 
second dongate member 108 (126). 
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Non-selt-Bsnandinn CT&fiftmij 

1 Hit aetwamt wnh^im^.. 

HQS. 12A and 12B Oustrato how electrical moans can be owl to gonorata hoat to expand an expense* 
member. A f irn elongate member 82' (and a coil BO* which adjoins it. coil 80' and member 82' being similar to their 
unprimed counterparts) is preferably made of beat activated lift* an iron base shape memory alloy, or another 
material that expands when exposed to heat. As shown in FIG. 12A, low profile, low resistivity electrical lines 81 
end 83 preferably pass either through or along the second elongate member 86 and are attached leg., soldered) to 
the first elongate member 82' on either side of the coil 80-. When current is applied through the electrical fines 81 
and 83 (the power supply is net shown but is preferably outside the patient), the col 80' heets up through resistive 
heating, and the coil expends to urge the membrane 84 to contact the vessel wall 80. Alternatively, as shown at 
FIG. 12B. the first elongate member 82' may have a coating 85 of gold or silver. In this embodiment, the coated 
elongate member 82' is used to pass current (with most of the current preferably being carried by the coating 85. 
so that most of the energy is deposited in the col 801. with the circuit being completed with a low resistivity wre 
B7 that is preferably connected le.g, soldered) to either the second elongate member 86 or the sheeth 84. This 
principle of resistive heating to expand a expansion member een be applied to the other embodiments disclosed herein 
as well. 

F16S. 13A, 13B. end 13C illustrate how heat transfer using a Squid can deploy an expansion member. The 
ribbons 100' ere preferably mad « of heat activated Nhinol. an iron base shape memory ocoy.Tr another material that 
expands when exposed to heat In the embodiment of FIG. 13A. a worm seine solution 107 is passed between the 
first end second elongate members 106 and 106 and then over the membrane 102. so that heat is transferred to 
the ribbons 100'. As the ribbons 100' heat up. they expand, thereby urging the membrane 102 against the vessel 
wad 104. As aiustrated in FIG. 13B. the worm seine solution 107 may also be passed through the first elongate 
member 106 end then through holes 109 in member 106 so that the saline solution 107 more directly transfers heat 
to the ribbons 100'. In this embodiment, one or more holes 1 1 1 in the membrane 102 (distal to where the seal with 
the vessei well 104 is made) may be used to allow the saline solution 107 to flow .way beyond the ribbons 1BT 
alter heal transfer to the ribbons occurs. As ilustrsted in FIG. 13C. the seine solution 107 may olso be passed 
through one or more closed loop coils or lumens 113 within the first elongate member 106. In this way. the ribbons 
100' end the patient's blood ere not exposed directly to any soirtion. Utng heat transfer can else be applied to 
the other embodiments disclosed heren. provided the expansion member is xuitobry constructed. 

Zi Mechanical d eplored Hnbndiments 

Other non-self-expanding seeing mechanisms that can be used for occluding e vessel are described below. 
In the embodiment of FIGS. 15-17. a first elongete member 140, preferably a pull wre. is (when the device is 
completely assembled) attached to a brace member 144 that is ei turn attached to a first reig member 148. 
Adjoining the first ring member 148 end a second ring member 152 are a plurality of ribbons 156 that extend 
between the two ring members. Surrounding the ribbons 156 is e membrane 160 that forms e seal with the 
patient s vessel 162 when the ribbons ere expended. The membrane 160 is joined to et least one end preferably 
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both of the ring members 148 and 152. The membrane 160 ten be joined to onh/ one of the ring membert 148 
end 152. for exemple, when the membrene 160 utends far enough ei the longitudinal direction to permit the 
membrane to make a good teal with the vessel 162 when the rtbonx 156 are deployed. 

To assambte the device, the first and second ring members 148 and 152. the ribbons 156. and the 
membrane 160 are pieced as a unit around a second elongate member 166. which has . pair of oppositely feeing 
holes 170 and 172. The brace member 144 is waned through the holes 170 and 172 and secured to both the 
pull wire 140 and the first ring member 148. Further, the second ring member 152 is secured to the second 
elongate member 166. This assembled contention, with the ribbons 156 m their longitudinal oriantetion. is 
iusirated in FIG. 16. As Ikistrated m FI6. 17. when the pull wire 140 is retracted, the ribbons 156 (shown in 
phantcm) end the membrane 160 that swrounds them are urged towards the vessel 1 61 where the membrane makes 
a seel with the vessel. The ribbons 180 are preferably resilient enough eo that they return to thee longitudinal 
orientation whan the pull wire 140 is released. The elasticity and resience of the pull wee 140 also helps the 
ribbons 156 return to their undeployed configuration. A guidewee tip 171 may be used to assist hi guiding the 
device to the desired location in the vessel 162. 

A preferred way of retracting the put) wire 140 is shown in HQS. 18A and 186. FIG. 18A shows the pull 
wee 140. which is attached to the brace member 144. A rotatabie handle 180 is attached to e rocking member 
184 which in turn is fastened to the pud wee 140. When the lockhg member 184 chars the second efcmgete 
mambe- 166 within which it resides (which is preferably outside the patent), the lockeig member end roteteble 
handle 180 may be oriented es illustrated in FIG. I8B to keep the pul wire 140 taught thereby preventing the 
sealing mechanism from returning to its undeptoyad position. The pull wire 140 may be made of stainless or nitnol 
end may have a diameter of 0.006-0.008 inches, for a catheter having an OD. of 0JJ14". for example. 

An alternative to the deployment apparatus illustrated in FIGS. 18A and 1 86 is shown in FIG. 19. in which 
a handle member 190 is grasped by the clinician to retract the pul wire 140. thereby deploying the seeing 
mechanism. Once extended, the seeing mechanism preferably has the tendency to return to hs undeployed position, 
which at the process pubs the pul wire 140 back into the second elongate member 166. This can he prevented by 
eisertovj a spacer member 194 between the handle member 190 end tke second elongate member 166. After the 
medical procedure is complete, and oedusion of the vessel is no longer required, the spacer member 194 can be 
removed and the pull wee 140 end the seeing mechanism returned to their respective undeployed positions. The 
device can then be removed from the patient. 

Although the principle of using a non-self-expanding mechanism has been Ikistrated in FIGS. 15-17 with 
respect to deformaUe ribbons, other non self expanding mechanisms, es ikatretad m FIGS. 20A-20D. con be employed 
in conjunction with the brace member 144 end the first and second ring members 148 and 152. For example, 
instead tf using ribbons 1 56. a non-seH-expanding braided structure 200 can be used, si wfech the braided structure 
200 adjoins first and second ring members 148 end 152 end is covered with a membrane 160 to form the unit 204 
shown in FIG. 20A. The unrt 204 cen be used in conjunction with en elongate member 166. e brace member 144. 
e guidevrire tip 171 . a first elongate member 140 such as a pull wire, a rotatabie handle 180. and a locking member 
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184 to form a dm* analogous to tht r&bon-basad device of FIG. 15. Alternatively, other mechanisms can be used 
for securing the pull wire 140, such as a handle member 190 and a spacer member 194. 

Other nortssltapaiiding mechanisms such as a flter-fke mesh 208, a slotted tube 212, and coils 216 can 
be used to form urits 220, 230, and 240 analogous to the braided structure unit 204 as shown in FIGS. 20B. 20C. 
5 and 200. Units 220, 230, and 240 can ikewtse be used to construct devices analogous to the ribbon-based device 
ikistrsted in RGS. 15-19. Further, if unit 204 is used without a membrane, it may assist in blood perfusion if the 
braided structure 200 is suitably constructed. Alternatively, perforated membranes like meirtranas 36' of FIG. 6B 
may be used to permit blood perfusion. Although the ribbons 156. the braided structure 200, the fflterEke rnesh 
208, the slotted tube 211 and the cote 21B must be actively deployed (e.g. with a pull wire 140), they are 
10 nevertheless simdar to their self-expanding counterparts. 

It should be understood that the scope of the present invention is not be imhed by the lustrations or the 
foregoing description thereof, but rather by the appended claims, and certain variations and modifications of this 
invention win suggest themselves to one of ordinary ski in the art 
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WHAT IS CLAIMED IS : 

1. A devca for occluding a vascular segment, compiling: 
an expansion member; and 

first and second elongate members, wherein said first elongate member engages said expansion member and 
said second elongate member engages said first elongate member, said expansion member expanding to at least 
partialy occkide the vascular segment when one of said elongate mooters e moved longmrdmaly. 

2. The device of Claim 1, further convrismg a meters! that adjoins said expansion member for 
creatinrj a seal with the vascular segment. 

3. The device of Claim Z wherein said material does not completely encapsulate said 



4. The device of Claim 1, wherein said expansion member is a fiiter-Ute mesh attached to an 
indentation withr said first efongete member. 

5. The device of Claim 1. wherein said expansion member is in an unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5, wherein said expension member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Clavn 5, wherein said expansion member is self-expanding. 

8. Th B device of Claim 7, wherein said serf-expanding member comprises a merrier selected from the 
group consisting of a braid, a coi, a ribbon like structure, e slotted tube, e pbraity of ribs and a fiteMike rash. 

9. The device of Claim 1. wherein said second elongate member b also secured to said expansion 

member. 

10. The device of Claim S, wherein said expansion member expands as said first elongate merrier is 

retracted. 

11. The device of Claim 9. wherein said expansion member comprises a member selected from the 
group consisting of a braid, a pkrairty of cods, a ribbon-fake structure, a slotted tube, and a f iter like mesh. 

12. The device of Clarn 9, wherein said expension member expands as the relative position of said 
first and second elongate members changes. 

13. A method ol occluding a segment within a vessel comprising: 

inserting first and second elongate members into the vessel wherein the first elongate merrier adjohs en 
expansion member and 

varying the position of at least one of tha elongate members so that the expansion member expends unti 
the vessri is occluded. 

14. The method of Claim 13, n which said varying step comprises retracting one of the elongate 

members. 

15. The method of Claim 14, in which said retracting one of the elongata rambers causes the 
expansion member to expand. 
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16. The method of Claim 14, in which the upansion member edjoins both elongate members, and the 
relative position of tha elongate members is varied to expend tha expansion marobar until tha vassal is occluded. 

17. Tha mathod of Claim 13, in which said varying step comprises pushing one of the elongate 
members through the other elongate member. 

18. The method of Claim 13. further comprising: 
performing a medical procedure near the ocduded site: and 

retrievng the elongate members and the upansion member from the vessel. 

19. A method, compnsmg; 

inserting en expansion member within the vessel: end 

heating the expansion member to causa it to expand untl the vessel is at least partially occluded. 

20. The method of Claim 19, in which the expansion member ts comprised of a material selected from 
the group consisting of heal activated NirJnol and an iron base shape memory alloy. 

21. The method of Claim 19, in which said heating the expansion member comprises passing electrical 
current through it. 

22. The method of Claim 19, h which said heating tha expansion member comprises flowing warm 
solution near the expansion member to heat up the expansion member. 
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